The confinement of male rats in complete dankness from birth until 47 days of age resulted in severe retardation of reproductive function. The supply of light-on condition for the last one week caused a remarkable overshoot of testosterone secretion beyond the level of intact animals, associating with a significant weight increase in accessory reproductive organs. Eye-enucleation nullified these effects. This androgen overshoot was considered to be occurred as a result of the removal of inhibitory effect of dark condition rather than a result of positive stimulatory effect of light-on condition.
It has been widely admitted that light exerts a major influence on the reproductive function of mammals. Emphasis hitherto has been placed on photoperiodic or seasonal responses, and little attention has been paid to the effects of light on polyestrous species such as the rat. Sufficient information accumulated, however, to indicate that lighting conditions can profoundly influence pituitarygonadal function in this species. Light has been considered to play a role of a cue of rythm on which rat estrous cycle depends (Takahashi and Suzuki, 1969) , and its stimulatory effect in setting the pace of sexual development is also recognized (Critchlow, 1963) apart from the synchronizer role.
We have demonstrated already a remarkable suppressive effect of light-off condition on the initiation of gonadal function by the response of prepubertal male rats reared in continuous complete darkness condition from birth (Suzuki et al., 1968) . Experiments were carried out to investigate the effect of light-on condition upon these animals. And a mechanism of mediation of light-on or-off information was discussed.
Materials and Methods
The albino rats established as a closed colony. in our laboratory originally Wistar strain were used. They were maintained on commercial rat chow supplemented with alfalfa meal pellet (RC-5, Oriental Co.) and dried sardine twice a week and given water ad libitum.
From 40 to 47 days old male rats under various experimental conditions were utilized. To obtain these young male rats, pregnant females reared in the normal lighting condition (NL, 14L:10D), were exposed at their 14th day of pregnancy to the three kinds of lighting conditions; NL, the continuous lighting (CL) or the continuous complete darkness (CCD) conditions, thus, the given lighting conditions had been provided before the birth of pups. The last second chromatography, a thin layer chromatography was employed, in which the ethanolic eluate of the area corresponding to testosterone was developed with ethylacetate-chloroform (1:4) and the area corresponding to androstenedione, with ethylacetate-benzene (1:6). The third chromatography was omitted. Both steroids were quantitated by gas-liquid chromatography equipped with a hydrogen ionizing detector.
Organ weight including reproductive organs was taken at the end of the experimental period or after the collection of testicular venous blood. 
Results
In this paper, organ weights were expressed in relative weights to body weights, namely testis and kidney as mg per g of body weight and epididymis, ventral prostate and seminal vesicle as tenfolds of mg per g of body weight (Table 1) . Kidney weight was presented as an example of visceral organs.
The effects of the continuous dark and lighting conditions were examined at the age of 47 days by comparing with NL47 animals (Fig. 2) . A marked supression in growth of accessory reproductive organs was observed in CCD47 animals of continuous dark condition. In CL47 of continuous lighting condition, though the results were not unified between ventral prostate and seminal vesicle, significant promoting effect could not be found as a whole. The weight of testis was slightly lower both in CCD47 and CL47.
The four groups, interrupted their CCD condition at 40 days old and exposed to NL for 7 days, were compared with CCD47 of non-interrupted CCD group (Fig. 3) . By NL treatment alone (CCD4ONL7), a significant increment in accessory reproductive organs was observed. But the enucleation of eyes counteracted this increment completely (CCD4OBL7 The stimulatory effect of NL on the reproductive organs was traced from 0 to 7 days after tranrferring animals from CCD to NL conditions (Fig. 4) . For comparison, the increase observed without NL treatment was presented by dotted lines connecting between the values of CCD animals at 40 days (CCD40) and 47 days (CCD47) of age. The results were expressed as percent increase or decrease based on the values of CCD40. The weight of accessory reproductive organs attained to the growth curve of CCD40-CCD47 by 5 days of NL treatment, and surpassed significantly by 7 days of NL treatment. Testis showed a considerably large decrease by 3 days of NL treatment though this was not a significant difference, and overtook that of CCD47 by 7 days of NL treatment.
The collection of the testicular venous blood was performed in the eight groups as presented in Table 2 . The blood, from 26.5 to 46.4ml, was pooled for a batch and testosterone and androstenedione was quantitated. In nearly all samples, the concentration of androstenedione was below the detectable range. The testosterone titers of NL47 and CL47 were almost comparable both in concentration and output. The mean total quantity of each steroid secreted per animal was called output tentatively. In CCD47, the concentration were less than half of NL47 or CL47 and the output were still more lower. Unexpectedly, 7 days of NL treatment (CCD4ONL7) made the androgen level overshoot the level of NL47 or CL47 that had been received light from birth. The eye-enucleation (CCD4OBL7) and the bilateral injection of HTP (CCD4OHTP7**) lowered testosterone to the level of CCD47 or to the non-detectable range. In the unilaterally injected group (CCD4OHTP7*), the level was comparable to NL or CL animals, and the overshoot seen in CCD4ONL7 animals could not be found. 
Discussion
As already reported in CCD40 animals (Suzuki et al., 1968) , an extreme supressive effect was also observed in growth of accessory reproductive organs of CCD47 animals who had not received light from birth until 47 days (Fig. 2) . The result of androgen estimation revealed a remarkable reduction in testosterone concentration, and the amount of testosterone secreted per animal (output) showed more striking contrast between CCD 47 and NL47, due to a smaller volume of testicular venous blood volume obtainable from a CCD47 animal (Table 2 ). This suggests the restraint of gonadotropins secretion in CCD animals, especially of LH. The continuous lighting condition, as a whole, could not be evaluated to have a promoting effect on the growth of reproductive organs (Fig. 2) . The androgen titer was also comparable to that of NL47. Though CL47 animals had received about twice as much light as NL47 animals, no observable promoting effect could be found. The removal of light caused a remarkable suppressive effect on the gonadal function of pen-pubertal animals, but light period given beyond some length brought about no promoting effect. The lack of diurnal rythm of light seemed not to be an obstacle to sexual maturation of male rats.
As indicated in Figure 4 , some growth of reproductive organs was found even under CCD condition (broken lines). And we have observed the evidence of fertile mating in some males reared in CCD from birth until 70 days of age. From these facts, males can attain to sexual maturation without light perception, though associated with significant delay. It can be said that an escape from the suppressive state of gonadotropins secretion takes place spontaneously even in CCD, with the lapse of time.
The weight of testis in CCD47 animals was comparable to that of NL47 or CL47 unlike those of accessory reproductive organs (Fig.  2) . As previously reported (Suzuki et al., 1968) , this was not the case when the comparison was made one week earlier. In addition to accessory reproductive organs, a significant decrease in testis weight was observed in CCD40 animals compared with the same age of NL animals. This would mean that CCD animals exceeded NL animals in testicular growth during the period from 40 to 47 days of age. FSH is thought to be most responsible for the induction of pen-pubertal weight gain of testis by its action on seminiferous tubules. Taking into consideration the remarkable suppression of accessory reproductive organs and of androgen secretion observed still in CCD47 animals, the spontaneous escape of FSH from the secretion blocked state seemed to occur prior to LH.
The acute effect of light on CCD40 animals was presented in Figure 3 in comparison with CCD47 animals. Considerable increment in weight of reproductive organs was observed in CCD4ONL7 animals who were exposed to NL condition for the last 7 days. By the enucleation of bilateral eyes, this increment was almost completely suppressed even if animals were exposed to NL for 7 days. The effects of light and the eye-enucleation were visualized more clearly in androgen titers of respective groups (Table 2 ). The concentration and output of testosterone in CCD4ONL7 were much higher than those of CCD47 and exceeded even those of NL47. The eye-enucleation (CCD4OBL7) lowered the titer of CCD4ONL7 to that of CCD47. Therefore, the stimulatory effect of light is thought to be dependent on the retinal perception.
It is noteworthy that the amount of androgen secretion in CCD4ONL7 animals overshot the level of NL47. This abrupt androgen overshoot, caused by relatively short term of photo treatment, may imply that the animals reared in CCD for 40 days had already aquired potentially almost all capacity of androgen secretion. The supply of light may brake the bottleneck and result in abrupt androgen overshoot. As already mentioned, males could attain to sexual maturation under CCD though associated with significant delay, and the prolongation of exposing length of light did not bring about further increase of androgen secretion (CL47 in Table 2 ). From these facts, androgen over-shoot can be explained as a result of the removal of inhibitory effect of dark condition, rather than a result of positive stimulator), effect of light condition upon the hypothalamo-gonadal axis.
If the hypothesis that dark condition exerts inhibitory effect on the hypothalamo-gonadal axis is valid, the possibility of existence of a substance that simulate the inhibitory effect of dark condition could be premised. The 5-hydroxytryptophan (HTP) treated groups were provided in this point of view to examine the possibility of serotonin (5-hydroxytryptamine) as an inhibitory dark substance, since serotonin was found in retina (Welsh, 1964) , and its fluctuation of concentration in brain was reported to synchronize with light and dark rythms (Wurtman, 1967) , and its inhibitory effect on the reproductive function was reported (Corbin and Schottelius, 1961; Albertazzi et al., 1966) . And recently, Kamben et et al.(1970) proved the suppression of LH release by intraventricularly administered serotonin in doses of 2.5 and 5 pg. O'steen and Vaugham (1968) injected tritiated HTP as a serotonin precursor into a vitreous chamber of rats, and reported that the radioactivity was distributed through the optic tract, lateral hypothalamus unilaterally and bilaterally to the arcuate and premammillary nuclei. And they suggested a physiological retino-hypothalamus pathway of serotonin transportation. From their results, we administered HTP by the injection into vitreous chambers. HTP is thought to be converted into serotonin non-specifically in neural tissue by 5-hydroxytryptophan decarboxylase (Bogdanski et al., 1957) .
As indicated in Figure 3 , the increase of accessory reproductive organs weight observed in 7 days of photo treatment (CCD4ONL7) was disappeared partially by the unilateral HTP injection (CCD4OHTP7*) and completely by the bilateral injection (CCD4O-HTP7**). The androgen overshoot was also completely blocked by the HTP injections. In CCD4OHTP7*, the level was about one third of that of CCD4ONL7 and the level was further lowered in CCD4OHTP7** to the non-detectable range. The degree of suppression of the androgen overshoot and the weight increase of accessory reproductive organs may be dependent on the difference of the distribution of the drug in active sites due to the employment of both uni-and bilateral injections, though the possibility of mere dose-dependence was left. As far as indices mentioned above, the light-off effect seen in CCD47 animals was simulated by the bilateral administration of HTP.
The testicular weight, however, was significantly lower than CCD47 animals. The weight decrease of the rat testis following serotonin administration was already reported by Anthony et al.(1962) . They concluded that the decrease was caused by testicular ischemia after the administration of totally more than 100 mg per kg body weight of serotonin via, subcutaneous route. From the dose we employed (20 lig or 40,ug per animal), and the route administered, however, the decrease of testicular weight observed in CCD4OHTP7* and CCD4OHTP7** animals could not be attributed to the peripheral action of serotonin on the testicular tissue, but the effect was considered to be manifested via CNS which brought about the decrease of gonadotropins secretion especially of FSH. As already mentioned, the escape of FSH from the secretion blocked state seems to take place earlier than LH, and considerable growth of testis have initiated spontaneously in CCD condition from 40 to 47 days of age. The weight decrease of testis can be explained as the result of suppression in spontaneous secretion of FSH by the intra-ocular HTP treatment. This may be supported by the fact that the testicular weight was consistent with those of CCD40 or CCD4ONL3 animals (Table 1) which was thought to present the level before the initiation of the spontaneous FSH secretion. The failure of simulation in testicular weight by HTP treatment, therefore, might be attributed to the experimental condition such as the doses 
